Antiobiogrammes were made of a number of isolates of Staphylococcus aureus, Escherichia coli and Pasteurella pneumotropica derived from rodent, rabbit or minipig colonies never treated with antibiotics. For S. aureus no differences between rats and mice were found in the percentage of resistant isolates. Gentamicin and erythromycin were found to be the most efficient, while the highest percentages of resistance were found to be against penicillins and sulphonamides. In general, the results from antibiogrammes on E. coli were rather uniform, with only slight differences between isolates from different species, except that more vancomycin and tetracycline-resistant minipig isolates were found. In almost all isolates of E. coli, resistance was shown against penicillin, fucidin, macrolides, lincosamides and tiamulin. For a number of antibiotics, mouse isolates of P. pneumotropica were more frequently found to be sensitive than rat isolates. The resistance patterns of E. coli from the minipigs were quite similar to resistance patterns found in farm pigs, but apart from this, the resistance patterns of the bacterial species tested did not resemble human or farm animal patterns in any of the animal species, and, therefore, these studies do not support the theory that S. aureus and E. coli in laboratory animal colonies derive from the normal flora of the human caretakers. The fact that rodent species of E. coli, in contrast to human and farm animal species, are sensitive to ampicillin, tetracyclines, and the combination of sulphonamides and trimethoprim, might be due to the fact that these antibiotics are not used in rodent populations.
resistance patterns of bacterial isolates from colonies of laboratory animals may, therefore, differ from those of the human population for example. On the other hand} if the members of the flora of laboratory animals mainly derive from the human caretakers} as it has been proposed e.g. for S. aureus (Wullenweber et al. 1990 )}there may be no differences.
It is also interesting to characterize laboratory animal bacteria according to their sensitivity to antibiotics} in order to improve the efficiency of therapy installed e.g. as part of the post-operative care of laboratory animals. For this purpose we made antibiogrammes of a number of isolates of three selected bacteria: S. aureus} E. coli and P. pneumotropica. All isolates derived from untreated rodent} rabbit or minipig colonies. S. aureus and E. coli were chosen because they can be shared with other animal species, including humans} while P.pneumotropica is a rodent-specific agent.
Materials and methods

Bacterial isolates
All bacterial isolates were isolated in our own laboratory from healthy animals derived from untreated colonies. The healthy animals were sampled for routine health monitoring according to FELASA guidelines (Kraft et al. 1994 , Rehbinder et al. 1996 . The samples from the rats and the mice were} therefore} obtained from euthanazed animals} while the samples from the pigs were obtained from faecal samples. The isolates were derived from five rat colonies} five mouse colonies} one rabbit colony and two minipig colonies. Sixteen isolates of S. aureus (eight from rats and eight from micet 27 isolates of E. coli (nine from rats} three from mice} two from rabbits, one from a hamster and 12 from minipigst and 14 isolates of P. pneumotropica (nine from rats and five from micel were used.
ltntibiogrammes All isolates were tested for their sensitivity to the following antibiotics (diffusable amounts of the antibiotic given in brackets): 
Statistics
The fractions of resistant isolates from different species of animals were compared for each antibiotic by the use of binomial tests for two proportions (Minitab, Release 12.1, Minitab Inc., State College, Philadelphia, USAt as shown in Table 1 .
Results
All significant differences between fractions of resistant isolates from different species of animals are given in Table 1 .
Staphylococcus aureus
Results for all isolates and all antibiotics are given in Table 2 . None of the differences in the percentages of resistant isolates between rats and mice were found to be significant. Gentamicin and erythromycin were found to be the most efficient} while the highest percentages of resistance were found to be against penicillins and sulphonamides.
Escherichia coli
Results for all isolates and all antibiotics are given in in Table 3 . For almost all isolates} resistance was shown against penicillin} fucidin} macrolides} lincosamides and tiamulin. Vancomycin and tetracycline resistance seem to be more prevalent among the minipig isolates than among rats and mice. Apart from this, the results were rather uniform, with only slight differences between isolates from different species.
Pasteurella pneumotropica
Results for all isolates and all antibiotics are given in Table 4 . A number of antibiotics mouse isolates, i.e. enrofloxacin, erythromycin, tylosin, tiamulin and both trimethoprim alone and in combination with sulphonamides and trimethoprim, were found to be more frequently sensitive than rat isolates.
Discussion
For E. coli and S. aureus there seemed to be only slight differences in resistance frequencies between isolates from different species of rodents. The differences observed between E. coli isolates from minipigs and those of the other species were also very minor. Some differences were found between mouse and rat isolates of P. pneumotropica. This is in accordance with the fact that several other biochemical differences between mouse and rat strains, such as differences in trehalose fermentation, also have been described (Hansen 1999) . In general, P. pneumotropica isolates show resistance patterns as is to be expected. It might be surprising that many isolates of P. pneumotropica are sensitive to the macrolide erythromycin, which is mostly efficient against Gram-positive bacteria. However, it has previously been shown that macrolide sensitivity of isolates of P. pneumotropica from rats is not uncommon (Hansen 1995) , which has also been confirmed by several other laboratories participating in the quality ring test system followed by our laboratory (Nicklas 1999) .
Staphylococcus aureus in antibiotic-naive animals is not more sensitive to penicillin, than e.g. S. aureus in humans, in which 86-91 % of Danish isolates are resistant to penicillin (Kristensen et al. 19991 , while only 22 % of Danish bovine mastitis isolates of S. aureus are found to be resistant to penicillin. The lower frequency of resistance is meant to be caused by restrictions in the use of antibiotics in cattle (Aarestrup & Jensen 1998) . Danish human isolates of S. aureus are sensitive to the other antibiotics in our tests (Kristensen et al. 1999) , while our isolates from antibiotic-naive animals were generally resistant to streptomycin and sulphonamamides and also showed some vancomycin resistance, while the sensitivity to gentamicin and erythromycine is in accordance with observations on human isolates. Our isolates from rats and mice were generally found to be resistant to sulphonamides. Resistance to sulphonamides is less common in bovine and human isolates, e.g. 21 % of Danish bovine pathogenic isolates (Aarestrup et al. 1998 ) and 1-2% of Canadian human isolates are resistant (Laverdiere et al. 1998) .
The sensitivity to ampicillin and amoxicillin observed in nearly all isolates of E. coli from all species of untreated animals is in full accordance with findings in isolates from healthy farm animals IAarestrup et al. 1998) , while resistance against ampicillin and
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'v :::l u... •.. V'l amoxicillin seems to be far more common in human isolates (Dornbusch et al. 1998 , Kristensen et al. 1999 . The high number of E. coli isolates that we found to be resistant to streptomycin and sulphonamides is analogous to findings in farm pigs, but seem to be higher than findings in farm cattle (Aarestrup et al. 1998) . Our isolates of E. coli were generally resistant to cephalosporins, which is not the case in human isolates from northern Europe (Dornbusch et al. 1998) . The finding that 25 % of E. coli isolates from antibiotic ally-naive minipigs are resistant to tetracylines is fully comparable with farm pigs, in which 28% of isolates are found to be resistant (Aarestrup et al. 1998 ). Resistance to tetracycline is also quite common in human isolates of E. coli (Dornbusch et al. 1998) , while our rodent and rabbit isolates seem to be sensitive to tetracycline. Our E, coli isolates from minipigs, rodents and rabbits seem to be far less resistant towards sulphonamides, trimethoprim and the combination of the two, than it is the case with farm animals, i.e. cattle and pigs (Aarestrup et al. 1998) , and with humans (Dornbusch et al. 1998 , Kristensen et al. 1999 . Although our S. aureus isolates from rats and mice show the same frequency of penicillin resistance as in humans, these studies cannot support the proposed theory that S. aureus in laboratory animal colonies derives from the normal flora of the human caretakers (Wullenweber et al. 1990) . The same seems to be the case for rodent isolates of E . coli. The minipig isolates of E, coli also resemble farm pig isolates far more than they resemble human isolates in respect to their sensitivity to antibiotics. This study seems to indicate that it is more likely that E. coli and S, aureus found in laboratory animals are species-specific strains entering the facilities by passive transportation with the caretakers, materials or equipment. This might explain why rat isolates of P. pneumotropica seem to be more resistant to antibiotics than mouse isolates, as the habitat of the wild rat population is in closer contact with bacteria of human origin than it is the case with the wild mouse population, i.e. bacteria of wild rats are more likely to exchange plasmides with the human flora.
As the flora of antibiotic-naive minipigs seem to derive from farm pigs, there is no reason to believe that isolates from laboratory pigs should be less resistant towards antibiotics than farm pigs. If the flora of laboratory rodents derive from the wild rodent population it is, however, possible that they might be more sensitive to those antibiotics which have created resistance problems in antibiotic-treated populations.
Our studies indicate that this might indeed be the case for E. coli, in which rodent species, in contrast to humans and farm animals, are sensitive to ampicillin, tetracyclines, and the combination of sulphonamides and trimethoprim. It is not clear from these studies whether this is also the case with S. aureus, and it would also be difficult to compare the two bacterial species, as S. aureus resistance to a number of antibiotics is mostly acquired through plasmides, which can be rather easily exchanged with other microorganisms in the environment, while resistance in E. coli is often developed by other mechanisms.
